Introduction
============

Osteoporosis, the most widespread metabolic bone disease, is associated with a decrease in bone mass and deterioration of the trabecular architecture of the bone tissue, and patients with osteoporosis have increased skeletal fragility and susceptibility to fractures (Imai *et al.*, [@b13]). Fractures are an important cause of morbidity and mortality among elderly patients with osteoporosis (Maruotti *et al.*, [@b21]). Estrogen deficiency at menopause requires antiresorptive therapies. Therapies that significantly decrease the levels of bone-turnover markers and increase bone mineral density (BMD) greatly reduce the risk of nonvertebral fractures (Popp *et al.*, [@b25]).

Alendronate (ALN) attenuates the increase in osteoclast-mediated bone resorption and bone loss that contributes to fracture risk in the skeleton (Black *et al.*, [@b4]). Severe suppression of bone turnover with prolonged ALN therapy may inhibit normal bone repair and bone elasticity (Odvina *et al.*, [@b23]). Although estrogen replacement therapy reduces the incidence of fracture and prevents bone loss, recent studies suggest that long periods of treatment with estrogen are discouraged because of the possibility of malignant effects on the reproductive tissues, including the mammary glands and endometrium (Prelevic *et al.*, [@b26]; Basha *et al.*, [@b3]). Thus, more effective and safer bone-protecting agents with long-term efficacy are required. Furthermore, most therapeutic agents used to treat osteoporosis are inhibitors of osteoclastic bone resorption that induce a decline in either osteoclast activity or osteoclast generation (Shoback, [@b33]). These concerns have prompted the discovery of osteoblast-based therapeutic agents that stimulate bone formation or increase bone mass and bone strength (Baron and Hesse, [@b2]).

Jasin-hwan-gagambang (BHH10) is produced by modifying Jasin-hwan, the herbal components of which have shown favorable safety profiles in the studies performed by the faculty of College of Oriental Medicine, Kyung Hee University (Seoul, Korea). According to the literature on traditional Korean and Chinese medicines (Gal-Moscovici and Sprague, [@b8]), Jasin-hwan has been traditionally prescribed for kidney and urinary diseases and can be used to treat osteoporosis. BHH10, a novel herbal extract, consists of the root of *Astragalus membranaceus*, the bark of *Cinnamomum cassia*, and the bark of *Phellodendron amurense*. We developed BHH10 on the basis of the results from our preliminary experiments and those reported previously about the beneficial *in vitro* and *in vivo* effects of these three components (Huh *et al.*, [@b10]; Huh *et al.*, [@b12]; Huh *et al.*, [@b11]). *A. membranaceus* has cardiotonic, neuroprotective, antiosteoporotic, antiaging, antitumor, and anti-inflammatory effects (Li *et al.*, [@b18]; Nalbantsoy *et al.*, [@b22]). A recent study showed that formononetin, a bioactive phytoestrogen isolated from *A. membranaceus*, is a promising agent for the prevention of osteoarthritis and osteoporosis (Kaczmarczyk-Sedlak *et al.*, [@b14]). Moreover, our previous studies showed that formononetin stimulates angiogenesis and osteogenesis, inhibits the expression of osteogenic markers and inflammatory cytokines, prevents osteoarthritis, and promotes growth factor activation, endothelial repair, and wound healing (Huh *et al.*, [@b11]; Huh *et al.*, [@b10]; Huh *et al.*, [@b12]). *C. cassia* has a wide range of pharmacological properties, including antiosteoporotic, antiulcerogenic, anti-inflammatory, antipyretic, antimicrobial, antidiabetic, and antitumor activities (Sung *et al.*, [@b35]). Recent studies show that cinnamic acid, the active compound of *C. cassia*, stimulates bone formation and inhibits bone-resorbing factors *in vitro* (Lee and Choi, [@b17]). *P. amurense* is a herbal remedy for controlling inflammation, because it alleviates lipopolysaccharide-induced acute airway inflammation and inhibits inflammation in rheumatoid arthritis (Zhang *et al.*, [@b38]). Berberine, the active compound from *P. amurense*, inhibits osteoclast activity and promotes osteoblast differentiation and bone density accumulation (Lee *et al.*, [@b16]). Although these three medicinal herbs have shown long-term therapeutic benefits with minimal risks, a detailed analysis of the therapeutic effects and mechanisms of action of BHH10 derivatives has not been performed thus far. We investigated the potential bone-protective effects of BHH10, including the preservation of bone mass and the structural properties of the entire femur and the femoral neck in an animal model of postmenopausal osteoporosis by using ovariectomized (OVX) rats. We administered comparable oral doses of ALN and 17β-estradiol (E2) and used them as reference compounds for evaluating BHH10-induced inhibition of bone turnover and estrogenic activity on the bone, respectively.

Materials and Methods
=====================

Plant materials
---------------

The root of *A. membranaceus*, the bark of *C. cassia*, and the bark of *P. amurense* were obtained from Kyung Hee Herb Pharm (Wonju, Korea). Identification and classification of plant materials was performed by Professor Kim Nam Jae at the Pharmacy of Oriental Medicine at Kyung Hee Medical Center, Kyung Hee University (Seoul, Korea), and the samples were deposited at the herbarium of Quality Control in the Herbal Medicine Department of Kyung Hee Medical Center (Seoul, Korea) and Hanpoong Pharm and Foods Co., Ltd. (Junju, Korea). BHH10 was prepared by extracting a mixture of the root of *A. membranaceus*, the bark of *C. cassia*, and the bark of *P. amurense*, at a ratio of 2:2:1 (*w*/*w*), respectively, with 30% (*v*/*v*) ethanol solution; subsequently, the solution was filtered. BHH10 was prepared by Hanpoong Pharm and Foods Co., Ltd. (Junju, Korea). The partitioned portion was vacuum-dried to yield BHH10 (yield, 16.3%).

High-performance liquid chromatography analysis of BHH10 and its standard compounds
-----------------------------------------------------------------------------------

BHH10 was standardized for quality control by using high-performance liquid chromatography (HPLC) analysis and compared with the reference standard compounds (formononetin, cinnamic acid, and berberine). Chromatographic analysis of BHH10 and the standard compounds was performed using a reverse-phase HPLC system (Waters, Milford, MA, USA) equipped with the Waters Breeze System \[Alliance 2695 separation module and 2996 photodiode array detector (PDA)\]. The separations were performed using a Hydrosphere C~18~ column (4.6 × 250 mm; particle diameter, 5 µm; YMC, Kyoto, Japan) at 30--45°C. The mobile phases of formononetin, cinnamic acid, and berberine consisted of acetonitrile (AcN), water (H~2~O), and acetic acid at a ratio of 15:37.5:1 and AcN, methanol (MeOH), and acetic acid at a ratio of 15:37.5:1. The concentrations of formononetin, cinnamic acid, and berberine in BHH10 were 0.8, 1.3, and 4.5%, respectively; they were detected at 260, 280, and 345 nm, respectively (Fig. [1](#fig01){ref-type="fig"}). Analyses were performed at the laboratory for Inter-Hanpoong Pharm and Foods Co., Ltd. (Junju, Korea).

![High-performance liquid chromatography profiles of BHH10 and the standard compounds formononetin, cinnamic acid, and berberine. The figures (a), (b), and (c) are profiles of standard formononetin, cinnamic acid, and berberine, respectively. The figures (d), (e), and (f) are profiles of formononetin, cinnamic acid, and berberine extracted from BHH10. These compounds were detected at 260 nm (about 3.6 min), 280 nm (about 13.2 min), and 345 nm (about 9.4 min), respectively.](ptr0029-0030-f1){#fig01}

Acute toxicity testing of a single dose of BHH10
------------------------------------------------

We determined the toxicity of a single dose of BHH10 on four groups of rats. Each group of rats consisted of five males and five females. Each rat received a single oral dose of 0, 500, 1000, or 2000 mg/kg BHH10. All animals were continuously observed for symptoms and/or mortality for 14 days. All animals were weighed immediately before administration of the test dose and at 1, 3, 7, and 14 days after treatment. At 14 days after treatment, the rats were anesthetized with ether, exsanguinated by severing the postcaval veins and abdominal arteries, and visually examined for changes in the body surface and internal organs. This study was performed at Medvil Co., Ltd., a good laboratory practice (GLP) institute approved by the Korea Food and Drug Administration (KFDA), in compliance with the Testing Guidelines for the Safety Evaluation of Drugs (Notification No. A01-11007) issued by the KFDA and OECD Principles of GLP.

Chronic toxicity testing of BHH10 for 13 weeks
----------------------------------------------

We examined the long-term toxicity of BHH10 in four groups of rats. Rats were given water or a BHH10 solution once daily for 13 weeks. The control group (15 male and 15 female rats) received water only. A group of 10 male and 10 female rats received 500 mg/kg BHH10, a group of 10 male and 10 female rats received 1000 mg/kg, and a group of 15 male and 15 female rats received 2000 mg/kg. We performed ocular exams, urine tests, blood tests, gross pathological examinations, biopsies, and autopsies. We recorded clinical symptoms, mortality, food/water intake, body weight, and organ weights. For recovery testing, we observed five male and five female rats from the control and 2000 mg/kg dose groups for an additional 4 weeks after administration of the last dose of BHH10. This study was approved by the KFDA in compliance with the Testing Guidelines for the Safety Evaluation of Drugs (Notification No. A01-11009).

Experimental model of osteoporosis
----------------------------------

Six-month-old female Sprague--Dawley specific pathogen-free rats were obtained from the Central Lab (Seoul, Korea) and housed in an approved facility under standard conditions (22°C with a 12-h light and 12-h dark cycle). During the experimental period, all rats were pair-fed and given food and water *ad libitum*. Body weight was recorded at regular intervals. All experiments were approved by the Animal Ethics Committee of Kyung Hee University and performed according to Guidelines for the Care and Use of Laboratory Animals (KHMC-IACUC-12-012). Acclimatized rats underwent either bilateral laparotomy (SHAM, *n* = 6) or bilateral ovariectomy (*n* = 34). After a 2-week recovery period, OVX rats were randomly divided into five groups: vehicle (OVX, *n* = 7); ALN (*n* = 6, 170 µg/kg); E2 (*n* = 6, 17 µg/kg); and BHH10 (250 mg/kg, *n* = 6 and 500 mg/kg, *n* = 7). According to the human-rat equivalent dose conversion principle (Reagan-Shaw *et al.*, 2008), the experimental doses of BHH10, ALN, and E2 that were given to the rats were equivalent to the corresponding clinical prescribed daily doses for a human weighing 60 kg. The vehicle, BHH10, ALN, or E2 was administered orally via a custom-made stomach tube, starting 2 weeks after ovariectomy, and was continued for 12 weeks.

Measurement of BMD
------------------

The BMD of total femurs and femur necks was measured using dual-energy X-ray absorptiometry (General Electric, Madison, WI, USA), and assessed using the PIXImus2 software.

Microcomputed tomography analysis
---------------------------------

The metaphyses of the proximal femur and femoral neck were analyzed using 3D microfocus computed tomography (micro-CT; Sky-Scan 1172TM; Skyscan, Kontich, Belgium) equipped with the appropriate software (CT-analyzer TM), and scanned at a resolution of 17 µm, with a tube voltage of 60 kV and a tube current of 167 μA. The bone region beginning 20 slices from the growth plate at the proximal end of the femur and up to 200 distal slices was selected as the volume of interest. 3D images were obtained for visualization and display. Microarchitectural parameters were automatically evaluated using the built-in micro-CT program with direct 3D morphometry. The parameters that were analyzed included bone volume fraction (BV/TV), connectivity density (Conn. D, 1/mm^3^), trabecular number (Tb. N, 1/mm), trabecular thickness (Tb. Th, mm), and trabecular separation (Tb. Sp, mm) on the trabecular bone of the femur.

Biomarkers of bone metabolism
-----------------------------

Blood samples was collected in separator tubes and the serum analyzed for creatinine (CRE), blood urea nitrogen (BUN), total cholesterol (TC), triglycerides (TGs), and low-density lipoprotein (LDL) cholesterol by using an AU400 serum biochemistry analyzer (AU400; Olympus, Japan). We determined the levels of serum alkaline phosphatase (ALP), calcium (Ca), and inorganic phosphate (P) by using standard colorimetric methods using a Selectra 2 auto-analyzer (Vital Scientific, Netherlands) with commercial assay kits (Sigma Chemical, St. Louis, MO, USA). Serum osteocalcin (OCN) levels were determined using an enzyme-linked immunosorbent assay (ELISA) kit from Biomedical Technologies (MA, USA). Serum C-telopeptide type 1 collagen (CTX) levels were determined using a RatLaps ELISA kits (BioAssay System, CA, USA). Serum bone morphogenetic protein-2 (BMP-2) levels were determined using an ELISA kit from R&D System Inc. (MN, USA).

Statistical analysis
--------------------

Data were expressed as the mean ± standard error of the mean (SEM) for each group. The statistical significance of differences between means was assessed using one-way analysis of variance (ANOVA) followed by Tukey\'s post hoc test for multiple comparisons. Differences with *p* values \<0.05 between groups were considered significant.

Results
=======

The acute and chronic toxicity of BHH10
---------------------------------------

To evaluate the acute toxicity of a single oral dose of BHH10, we administered BHH10 at doses of 500, 1000, and 2000 mg/kg to male and female rats. These doses had no apparent effects on the mortality, clinical symptoms, body weight, or gross pathological findings in the male or female rats, which suggested that the lethal dose of BHH10 was higher than 2000 mg/kg in rats (data not shown). Furthermore, no mortality was observed in the rats receiving BHH10 at a daily dose of 500, 1000, or 2000 mg/kg for 13 weeks. During the 13 weeks of treatment and the four additional weeks of recovery, no marked abnormalities were found in clinical symptoms, food or water intake, biochemical tests of urine and blood samples, gross pathological examinations, or autopsy findings (data not shown).

The effect of BHH10 on body weight and uterine weight in OVX rats
-----------------------------------------------------------------

All rats had similar initial mean body weights and increases in body weight after 14 weeks of surgery. Although the rats were pair-fed, the body weight of the rats in the OVX group was significantly higher than that in the sham group 3 weeks after the operation. Administration of BHH10 at 250 and 500 mg/kg markedly suppressed the ovariectomy-induced increase in body weight after 11 weeks. The final body weights of the rats receiving 250 and 500 mg/kg of BHH10 were significantly lower by 16.8 and 17.9%, respectively, than those in the OVX group (Fig. [2](#fig02){ref-type="fig"}A). Results similar to those reported above were observed in the ALN and E2 groups. Compared with sham surgery, ovariectomy caused significant uterine tissue atrophy, which indicated success of the surgical procedure (Fig. [2](#fig02){ref-type="fig"}B). The rats receiving BHH10 at 250 and 500 mg/kg had significantly higher uterine weights than those in the OVX group by 28.4 and 26.4%, respectively (Fig. [2](#fig02){ref-type="fig"}B).

![Effects of 12-week administration of BHH10 or 17β-estradiol (E2) on the body and uterine weights of ovariectomized rats. The six experimental groups are sham-operated (Sham), ovariectomized (OVX), and OVX rats treated with alendronate (ALN), 17β-estradiol (E2), or graded doses of BHH10 (250 and 500 mg/kg/day). Daily oral administration of BHH10 and E2 was initiated 2 weeks after ovariectomy and was continued for 12 weeks. (A) All rats were weighed once per week during the experimental period. (B) The uterine index was represented as the weight of the uterus divided by body weight. The data are expressed as the mean ± S.E.M. ^\#\#^*p* \< 0.01 and ^\#\#\#^*p* \< 0.001 compared with SHAM. \**p* \< 0.05, \*\**p* \< 0.01, and \*\*\**p* \< 0.001 compared with OVX.](ptr0029-0030-f2){#fig02}

The effect of BHH10 on BMD and bone morphometric analysis in OVX rats
---------------------------------------------------------------------

We analyzed 3D micro-CT images of the entire femoral trabecular bone to determine BMD and specific differences in the microarchitecture of the trabecular bone (Fig. [3](#fig03){ref-type="fig"}A and C). Compared with the OVX group, the group receiving BHH10 at 250 and 500 mg/kg showed a significant increase in the BMD of the entire femur by 18.4 and 13.2%; however, E2 increased the BMD of the entire femur only by 9.4%, which was not statistically significant (Fig. [3](#fig03){ref-type="fig"}A). Compared with the OVX group, the group receiving BHH10 (250 and 500 mg/kg) showed a significant decrease in the whole femur bone volume over total volume (BV/TV; 45.0 and 28.1%, respectively), Conn. D (78.8 and 36.4%, respectively), Tb. N (25.6 and 18.5%, respectively), and Tb. Th (58.3 or 41.6%, respectively) and a marked decrease in Tb. Sp (24.2 and 21.2%, respectively) (Fig. [3](#fig03){ref-type="fig"}A). Notably, treatment with 250 mg/kg BHH10 produced a much more marked response in BV/TV, Conn. D, Tb. N, and Tb. Th of the trabecular bone of the whole femur compared with that observed with ALN and E2 treatments (Fig. [3](#fig03){ref-type="fig"}A). The effects of BHH10 on the BMD and microarchitecture of femoral neck were analyzed using micro-CT imaging (Fig. [3](#fig03){ref-type="fig"}B and D). Compared with the OVX group, the group receiving BHH10 at a dose of 250 mg/kg showed a significant reversal of ovariectomy-induced effects on femoral neck BMD (24.5%), BV/TV (37.5%), Conn. D (26.1%), Tb. N (10.7%), Tb. Th (35.7%), and Tb. Sp (12.9%) (Fig. [3](#fig03){ref-type="fig"}B). Treatment with BHH10 at a dose of 250 mg/kg had a significantly greater effect on BV/TV, Conn. D, and Tb. Th than that with ALN or E2 treatment (Fig. [3](#fig03){ref-type="fig"}B).

![Effects of BHH10 on BMD and bone morphometric analysis of the whole femur (A) and femoral neck (B) in ovariectomized (OVX) rats. BHH10 altered the trabecular bone volume (BV/TV), connectivity density (Conn. D), trabecular number (Tb. N), trabecular thickness (Tb. Th), and trabecular separation (Tb. Sp) of the trabecular bone at the total femur (250, 500 mg/kg) and neck femur (250 mg/kg). 3D trabecular images of a vertical section of proximal femur (C) and femoral neck (D) in SHAM, OVX, alendronate (ALN), 17β-estradiol (E2), and 250 mg/kg BHH10 in rats. The trabecular bone loss was significantly higher in the OVX group than in the SHAM group. The trabecular bone volume was higher in the ALN, E2, and 250 mg/kg BHH10 groups than in the OVX group. The data are expressed as the mean ± S.E.M. ^\#^*p* \< 0.05, ^\#\#^*p* \< 0.01, and ^\#\#\#^*p* \< 0.001 compared with SHAM. \**p* \< 0.05, \*\**p* \< 0.01, and \*\*\**p* \< 0.001 compared with OVX. ^a^*p* \< 0.01 compared with ALN. ^b^*p* \< 0.01 compared with E2.](ptr0029-0030-f3){#fig03}

The effect of BHH10 on serum biochemical parameters in OVX rats
---------------------------------------------------------------

The effects of BHH10 on serum biochemical parameters in OVX rats after 14 weeks are shown in Table [1](#tbl1){ref-type="table"}. Administration of BHH10 (250 and 500 mg/kg) significantly prevented ovariectomy-induced changes in the serum levels of Ca (41.2 and 41.2%, respectively) and P (47.4 and 57.7%, respectively) and total cholesterol levels (20.3 and 20.0%, respectively). These levels of inhibition were similar to those obtained with either ALN or E2 treatment. Ovariectomy-induced increase in the serum LDL cholesterol levels in rats treated with 250 and 500 mg/kg of BHH10 was significantly reduced by 33.3 and 25.5%, respectively. However, neither ALN nor E2 treatment had a significant effect on the serum LDL cholesterol levels (5.7 and 13.6%, respectively; Table. [1](#tbl1){ref-type="table"}).

###### 

Effects of 12-week administration of alendronate (ALN), 17β-estradiol (E2), and BHH10 on biochemical parameters in serum of ovariectomized (OVX) rats

                                                                                                                                                                                    BHH10 (mg/kg)                                     
  ------------- -------------- --------------------------------------------------- ----------------------------------------------- ------------------------------------------------ ------------------------------------------------- ---------------------------------------------------
  (mg/dL)       0.50 ± 0.02    0.60 ± 0.02                                         0.53 ± 0.07                                     0.59 ± 0.02                                      0.54 ± 0.02                                       0.56 ± 0.02
  BUN (mg/dL)   17.92 ± 0.85   23.98 ± 1.04[\#\#\#](#tf1-1){ref-type="table-fn"}   23.42 ± 0.98                                    23.25 ± 0.60                                     22.40 ± 0.80                                      21.55 ± 0.76
  sCa (mg/dL)   10.10 ± 0.14   11.22 ± 0.24[\#\#\#](#tf1-1){ref-type="table-fn"}   10.34 ± 0.22[\*](#tf1-2){ref-type="table-fn"}   10.40 ± 0.2[\*](#tf1-2){ref-type="table-fn"}     10.20 ± 0.11[\*\*](#tf1-3){ref-type="table-fn"}   10.20 ± 0.08[\*\*\*](#tf1-4){ref-type="table-fn"}
  sP (mg/dL)    6.52 ± 0.34    9.26 ± 0.45[\#\#\#](#tf1-1){ref-type="table-fn"}    6.80 ± 0.32[\*](#tf1-2){ref-type="table-fn"}    6.90 ± 0.43[\*\*](#tf1-3){ref-type="table-fn"}   6.28 ± 0.49[\*\*](#tf1-3){ref-type="table-fn"}    6.72 ± 0.32[\*\*\*](#tf1-4){ref-type="table-fn"}
  TC (mg/dL)    80.50 ± 5.60   149.0 ± 14.4[\#\#\#](#tf1-1){ref-type="table-fn"}   118.7 ± 0.40[\*](#tf1-2){ref-type="table-fn"}   114.3 ± 1.3[\*](#tf1-2){ref-type="table-fn"}     118.7 ± 4.28[\*](#tf1-2){ref-type="table-fn"}     119.2 ± 3.06[\*](#tf1-2){ref-type="table-fn"}
  LDL (mg/dL)   7.67 ± 0.63    21.75 ± 0.50[\#\#\#](#tf1-1){ref-type="table-fn"}   20.50 ± 1.32                                    18.80 ± 1.32                                     14.50 ± 1.50[\*\*](#tf1-3){ref-type="table-fn"}   16.20 ± 0.49[\*](#tf1-2){ref-type="table-fn"}

The data are expressed as the mean ± standard error of mean (S.E.M).

*p* \< 0.001 compared with SHAM.

*p* \< 0.05,

*p* \< 0.01, and

*p* \< 0.001 compared with OVX,^a^*p* \< 0.01 compared with ALN.^b^*p* \< 0.01 compared with E2.

The effect of BHH10 on the levels of biomarkers of bone metabolism in OVX rats
------------------------------------------------------------------------------

Compared with the OVX group, the group receiving 250 and 500 mg/kg of BHH10 showed a significant decrease in the serum levels of ALP by 32.7 and 31.0%, OCN by 30.3 and 32.1%, CTX by 29.4 and 29.7%, and BMP-2 by 30.3 and 25.3%, respectively (Fig. [4](#fig04){ref-type="fig"}A, B, C, and D). Treatment with ALN or E2 showed effects similar to those observed with BHH10 on the serum levels of ALP, OCN, and CTX (Fig. [4](#fig04){ref-type="fig"}A, B, and C). However, the decrease in the serum BMP-2 levels was significantly greater with BHH10 treatment than with either ALN or E2 treatment (Fig. [4](#fig04){ref-type="fig"}D).

![Effects of BHH10 on bone metabolic markers in the serum of ovariectomized (OVX) rats. The levels of serum alkaline phosphatase (ALP) (A), osteocalcin (OCN) (B), C-telopeptide type 1 collagen (CTX) (C), and bone morphogenetic protein-2 (BMP-2) (D) were determined using colorimetric methods or enzyme-linked immunosorbent assay in SHAM control rats, OVX rats, alendronate (ALN)-treated, 17β-estradiol (E2)-treated, or BHH10-treated rats. The data are expressed as the mean ± S.E.M. ^\#^*p* \< 0.001 compared with SHAM. \**p* \< 0.05 and \*\*\**p* \< 0.001 compared with OVX, ^a^*p* \< 0.01 compared with ALN. ^b^*p* \< 0.01 compared with ALN.](ptr0029-0030-f4){#fig04}

Discussion
==========

In this study, we assessed whether BHH10 exerted protective effects against osteoporotic changes caused by the deficiency of ovarian hormone in rats. Additionally, we used ALN and E2 as positive controls to compare the bone metabolic response to BHH10 and established therapy. Our study showed that BHH10 is safe, has potent effects on bone metabolism, and decreases the deterioration in bone mass and microarchitecture in a postmenopausal model of osteoporosis. In OVX rats, BHH10 tended to have a greater effect on bone mass and metabolism than either ALN or E2.

The effects of ovariectomy in rats include a significant increase in body weight partially because of fat deposition. In addition, ovariectomy decreases the uterine mass because of a decline in the circulating estrogen levels (Nian *et al.*, 2009). Our data showed that the characteristic increases in body weight and uterotrophic activity induced by ovariectomy were prevented by treatment with 250 or 500 mg/kg of BHH10 similar to that observed with ALN or E2. This uterotrophic effect of estrogen may be critically involved in gynecological tumor initiation and/or progression, because estrogen directly affects uterine parameters (Prelevic *et al.*, [@b26]; Basha *et al.*, [@b3]). The effect of BHH10 on uterine wet weight was lower than that of E2, which indicated a lower risk of hyperplasia than that associated with estrogen. These findings suggested that BHH10 treatment may not cause severe adverse risk associated with estrogen-like therapies, but further studies are required to confirm this finding.

Bone remodeling was evaluated on the basis of quantitative and histomorphometric evaluation of the femur and assessment of the mechanical properties of the entire femoral bone and femoral neck (Rachner *et al.*, [@b28]). Altered bone turnover is associated with significant reductions in bone mass, predominantly at sites rich in trabecular bone, and with deterioration of the bone microarchitecture (Shen *et al.*, [@b32]). BMD is an important determinant of bone strength and a primary indicator of bone biomechanical quality (Bouxsein, [@b5]). Our study showed that treatment with 250 or 500 mg/kg of BHH10 reversed ovariectomy-induced BMD loss at the proximal femur. Thus, BHH10 may contribute to an antiresorptive effect, similar to that of ALN, that affects the incorporation of bone matrix and inhibits osteoclasts, which leads to an increase in overall bone formation (Rodan and Reszka, [@b30]). These results suggested that BHH10 may have a protective effect on bone remodeling in postmenopausal women with osteoporosis. Similar trends in BMD were noted in the femoral neck, particularly in trabecular bone mass, where osteoporotic fractures may occur (Chen *et al.*, [@b6]; Rachner *et al.*, [@b28]). Our data showed that the femurs of BHH10-treated OVX rats may be more resistant to fractures and less susceptible to deformation than those of ALN-treated or E2-treated OVX rats. These findings indicate that BHH10 neutralized the progressive reduction in the bone mass of total femur and femoral neck.

In addition to BMD, preservation of metaphyseal microarchitecture contributes to the maintenance of bone structural integrity and reduces fracture risk (Ulrich *et al.*, [@b37]). Micro-CT is a high-resolution digital imaging technique that provides detailed, quantitative, nondestructive analysis of 3D microscopic bone architecture (Chen *et al.*, [@b6]). A recent micro-CT analysis showed that the normal trabecular bone structure was substantially impaired by ovariectomy (Qi *et al.*, [@b27]). Measurements of trabecular bone microstructure, especially Conn. D, are indicators of bone strength, and increased Tb. Th represents an increase in the ratio of osteoblasts to osteoclasts (Ali *et al.*, [@b1]). In our study, 250 mg/kg of BHH10 inhibited trabecular bone disruption, as evidenced by a significant increase in BV/TV, Conn. D, Tb. N, and Tb. Th. Compared with the OVX group, the group treated with BHH10 showed a decrease in Tb. Sp in the total femur diaphysis and femoral neck microarchitectural properties. These findings indicated that compared with ALN and E2, BHH10 treatment produced greater increases in bone volume, thickness, and connective density at the trabecular bone of total femur and femur neck, thereby attenuating the progression of osteoporosis.

The balance between bone formation and resorption is reflected by the relative levels of Ca and P (Civitelli and Ziambaras, [@b7]). BHH10 inhibited ovariectomy-induced increases in the serum Ca and P levels that are phenotypic markers of bone metabolism. These results suggested that BHH10 treatment maintained serum Ca and P homeostasis and contributed to alterations in BMD (Gaumet *et al.*, [@b9]). Further, OVX rats displayed lower levels of circulating estrogens, which are associated with elevated TC and LDL cholesterol (Sato *et al.*, [@b31]). Hypercholesterolemia associated with the pathogenesis of osteoporosis is closely linked to osteoclastogenesis and bone resorption (Tintut *et al.*, [@b36]). Our results showed that compared with ovariectomy, treatment with BHH10 markedly decreased the levels of serum TC and serum LDL cholesterol. ALN or E2 administration did not significantly change the LDL cholesterol levels. These findings indicated that BHH10 was more efficacious than ALN and E2 in inhibiting bone resorption in osteoporosis.

The process of bone remodeling begins with the resorption of a volume of bone by osteoclasts followed by new bone formation by osteoblasts (Martin and Sims, [@b20]). Ovariectomy disturbs the bone remodeling process by markedly stimulating bone-resorbing osteoclasts, which results in a compensatory augmentation of bone-forming osteoblasts. This results in an overall increase in bone resorption on trabecular bone surface and subsequently in net bone loss, bone fragility, and osteoporotic fractures (Pacifici, [@b24]). ALP and OCN are osteoblast-related proteins that circulate during the bone-formation phase of the remodeling process and are sensitive markers of bone formation (De Leo *et al.*, 2000). Conversely, CTX is the most prominent collagen-breakdown product generated by osteoclasts and is a marker of bone resorption (Khosla and Riggs, [@b15]). In addition, BMPs play a critical role in osteoblast differentiation and bone formation in the adult skeleton (Smith *et al.*, [@b34]). In our study, the serum levels of ALP, OCN, BMP-2, and CTX significantly increased, which indicated an increased osteoblastic activity and enhanced osteoclastogenic activity in OVX rats compared with that in SHAM rats. Administration of BHH10 significantly decreased the serum levels of ALP, OCN, BMP-2, and CTX, which indicated better regulation of bone formation and bone resorption in OVX rats. In particular, BHH10 decreased the serum BMP-2 levels to a greater extent than ALN and E2 in OVX rats. These results suggested that BHH10 reversed the effects of ovariectomy on osteoblastic bone formation and bone loss without toxicity.

It has been postulated that the ability of BHH10, a modified prescription of Jasin-hwan, to both prevent bone loss and restore bone is because of the phytoestrogen content or a phenolic compound profile, which promotes osteogenesis and acts as an antioxidant and/or anti-inflammatory agent (Ma *et al.*, [@b19]). A recent report from our laboratory showed that formononetin, a standard compound of BHH10, promotes fracture healing by stimulating osteogenesis and inhibits inflammatory cytokines in osteoblasts stimulated with IL-1β in a fracture model (Huh *et al.*, [@b11]; Huh *et al.*, [@b10]; Huh *et al.*, [@b12]). Recent studies have shown that cinnamic acid and berberine, the major compounds of BHH10, promote osteoblast differentiation and inhibit bone resorption (Lee *et al.*, [@b16]). However, further studies on the bioactive components of BHH10 are needed, and thus, it is premature to draw any specific conclusions.

In summary, our results showed that BHH10 has a remarkable osteoprotective effect against bone loss induced by estrogen deficiency in rats. This effect may result from either the enhancement of bone formation or the regulation of bone resorption. Therefore, we suggest that BHH10 could provide potential therapeutic benefits for osteoporosis through physiological bone remodeling and have a greater efficacy than ALN and E2.
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